The nucleotide sequence has been determined for a 664-base pair region of maize (Zea mays L.) mtDNA which contains the 3' end of the 18S rRNA gene, the 5S rRNA gene, and an intergenic region of 108 base pairs. Specific regions of the 18S rRNA gene show striking homology with the corresponding gene in Escherichia coli.
The organization and structure of the rRNA genes in plant mitochondria are different from those of animals and fungi. In plant mitochondria, rRNA genes are larger and a 5S RNA is found in mitochondrial ribosomes (6, 15) . The 5S and 18S rRNA genes in plant mtDNA are closely linked (3, 10, 12) , but both are separate from the 26S rRNA gene (24) . In maize, the 26S rRNA gene is separated from the 18S and 5S by 16,000 base pairs (bp) of DNA (24) . Each of the rRNA genes is encoded by a single gene (24) .
This organization of 18S and 5S rRNA genes is unique to plant mtDNA. Prokaryotes have clusters of 16S, 23S, and 5S genes in that order. Chloroplasts usually have an organization like prokaryotes. Most eukaryotic nuclei have clusters of 5S genes which are unlinked to the 18S and 28S rRNA genes (17) . To study the structure of plant mitochondrial rRNA genes, we have isolated a cloned fragment which contains the linked genes of 18S and 5S rRNA and determined a portion of the nucleotide sequence.
The section of the molecule which has been sequenced contains part of the 18S rRNA gene and a complete 5S rRNA gene. We have located the 5S gene by sequence homology using the published sequence of the 5S rRNA from the mitochondria of wheat (22) . Similarly, the location of the 3' end of the 18S gene was found because of strong homology with the corresponding genes of E. coli and maize chloroplast. The location of these boundary sequences defines the intergenic region which is 8 bp long and establishes the orientation and direction of transcription of both 18S and 5S rRNA genes.
The large degree of homology found between the mitochondrial sequence and the bacterial sequence provides further support for the view that plant mitochondria have an endosymbiotic-eubacterial origin (2, 9, 10 
MATERIALS AND METHODS
Cloning of Maize mtDNA. Normal mtDNA, purified from maize (Zea mays L.) from single cross NC7 x T204, was digested with restriction enzyme Bam HI and cloned into Escherichia coli plasmid pBR322. Detailed methods for these techniques including restriction digestions and Southern transfers have previously been described (23) .
Purification and Labeling of rRNA. Mitochondria were isolated from coleoptile and mesocotyl tissues according to the procedures of Cunningham and Gray (7). Ribosomes were pelleted through sucrose and deproteinized by phenol extraction. RNA subunits were fractionated by electrophoresis in methylmercury gels (1) and recovered from agarose according to Locker (16) . Purified RNA was labeled with polynucleotide kinase following partial alkaline hydrolysis (0.1 N KOH, 4°C for I h).
Cloning and Sequencing with M13. Recombinant clones were isolated using phage M13 (18) . Small fragments from subclone 542-2, digested with Taq I, Sau 3A, and Hae III were cloned into vectors M13mp7, mp8, and mp9 developed by Messing (18) . Sequencing reactions used a universal primer and the dideoxy chain termination procedures of Sanger et al. ( 19) . Electrophoresis was performed on 8% polyacrylamide gels (0.4 mm) at 1,600 to 2,000 v for 3 to 6 h at a gel temperature of approximately 50°C. Autoradiography was done at -20°C using Kodak X-Omat AR film. Computer analysis of the intergenic region was done by using the SEQ program of tbe Stanford MOLGEN project (5) .
Calculation of Homology. The maize mtDNA sequence has been aligned with sequences of the 16S rRNA genes of maize (21) and the E. coli sequence is that of Brosius et al. (4) . Alignments of the sequences follow that of Kuntzel and Kochel (14) for chloroplast and E. coli. The underlined region at number 46 is a possible promotor sequence. The DNA strand equivalent to the RNA sequence is shown.
Nucleotide Sequence of the 18S to 5S Region. M 13 clones, containing fragments of subclone 542-2 cut with Taq I, Hae III, or Sau 3A were sequenced by the Sanger procedure (19) . The fragments were oriented based on overlapping sequences and by the location of known restriction sites (Fig. 1) . To determine the direction of transcription and the orientation of the sequence on the map, the M13 clones were hybridized with labeled 18S rRNA. Those clones which hybridized to the RNA contained the transcribed strand, and their complements were equivalent to the 18S rRNA. The nucleotide sequence (Fig. 2) was determined from both strands.
Location of the 3' End of the 18S Gene. Previous work has shown extensive homology and conservation of sequence for the small subunit rRNA (14) , including cross hybridization of rRNA of E. coil with maize mtDNA (13 (14) . Measurements of rates of divergence using mathematical models which presume uniformity are not satisfactory in these circumstances. In addition, we compare sequences of the small rRNA subunit from both mitochondria and chloroplast of maize. Both the chloroplast and the mitochondrial sequences contain extensive homology with E. coli. (Table I ). In contrast, the rRNA genes of animal or fungal mitochondria show much less similarity with E. coli. (Table I ). These distinctions suggest that divergence has been more rapid in other mitochondria or that mitochondria have had a complex evolutionary history.
The 3' end of the maize mitochondrial 18S rRNA gene does not contain the Shine-Dalgarno sequence found at the 3' end of E. coli 16S rRNA (CCUCC). However, another sequence TGAAT, located close to the end, may be an equivalent sequence. The complementary sequence ATTCA is found at the 5' end of the maize mitochondrial gene for Cyt oxidase subunit II, at -22 to -18 bp from a possible methionine initiation codon (8) . Sequence analysis of other mitochondrial genes is needed to determine if the ATTCA sequence truly represents a ribosome binding site for plant mitochondrial mRNA genes.
